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AND LEON SZUR, MB., B.CH., F.F.R.
Cysteamine is one of the most effective
radioproteetive agents available at the present
time, as has been demonstrated in a great
variety of biological and chemical systems. The
damaging action of X-rays on the hair follicle
of the mouse has also been shown to he reduced
by eysteamine. Thus Malkinson and colleagues
(1) irradiated anagen body hair 10 days after
plucking and nDted the percentage of dys-
plastic hairs produced when graded doses of
ionizing radiation were administered, while
Burlin, Magnus and Szur (2) irradiated mice 3
days after plucking and studied the regrowing
hair coat over a long period. Both groups, al-
though using different end-points, found marked
protection with eysteamine. Subsequent to our
earlier work however, we have observed that the
pH of the eysteamine solution markedly in-
fluenced its protective capacity.
The materials and methods have been given
in detail in our earher paper (2) and are only
described very briefly here. Groups of 12—20
male mice (a pure line of Strain A Albino) of
approximately 10 weeks old and 20 g in weight
had the flank hair coat plucked 3 days pre-
viously and were irradiated with 50 kVp X-rays
without anesthesia. Exposures of 500, 1000,
1500 and 2000 R were given to 1 em diameter
areas on the plucked skin surface at an expos-
ure rate of 3800 H/mm.
The mice, to which eysteamine was adminis-
tered, received 3 mg (calculated as free base in
each ease) in 0.3 ml volume intraperitoneally,
10—40 mm before irradiation. The coat was then
inspected by 3 observers 3 times a week for the
first month and thereafter at intervals of 1
week The state of the irradiated area was as-
sessed relative to that of the unirradiated part
of the plucked flank. An arbitrary scoring
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system was devised using 6 grades (0—5). Thus
for example grade 5 indicates total absence of
regrowth, whilst grade 0 indicates complete
growth indistinguishable from the unirra-
diated coat.
The essence of the earlier work is contained
in Figure 1 (experimental points and SE. of
mean can be seen in the previous paper). These
results were obtained using a solution of eyste-
amine sold under the trade name of Lambra-
tene having a pH of 6.8 (3). It was observed
that the X-rays delayed the onset of regrowth
and also caused permanent damage to the hair
coat. It will be noted that eysteamine A reduced
the effect of X-rays on regrowth and especially
the degree of permanent damage (i.e. score at
100 days). The dose reduction factor (DRF)
i.e. the ratio of the dose producing a biological
effect with eysteamine to that producing the
same effect in the controls, was found to be
2.0 when assessing the X-ray induced permanent
damage to the hair follicle of the eysteamine
treated mice given 2000R.
Identical experiments were then performed
with eysteamine HC1 obtained in crystalline
form from another supplier (Koch-Light). This
was made up as a solution of 30 mg/ml in
0.85 per cent saline and had a pH of 4.2. The
results are presented in Figure 2. The data for
500R have not been included in this and subse-
quent diagrams to avoid overcrowding the fig-
ure. Using this sample of cysteamine the re-
sponse to X-rays of the hair follicle in the two
groups was similar and the DRY not signifi-
cantly different from unity (i.e. the eysteamine
afforded no radioproteetion).
In order to verify that the pH was the factor
causing this difference in the radioproteetion of
eysteamine and not some difference inherent in
the eysteamine from the two sources of supply,
two further experiments were performed io
which the pH of the two samples was reversed.
The Koch-Light eysteamine was adjusted to
pH 7.5 with phosphate buffer (0.5 M). The
mice were then irradiated as in the earlier ex-
periments and the results are presented in
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FIG. 2. Variation wifli time after irradiation in the state of the mouse hair coat
control mice (from Figure 1); ———, cysteamine injected at pH 42; •, 2000R to control
mice; 0, 2000R to cysteamine treated mice; U, 1500R to control mice; D, 1500R to
cysteamine treated mice; A, bOOR to control mice, , I000R to cysteamine treated mice.
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with time after irradiation in the state of
cysteamine injected at pH 6,8.
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Figure 3. It is obvious that Koch Light eyste-
amine at pH 7.5 provides considerable pro-
tection of the mouse hair follicle and it is in
fact similar to that provided by Lambratene at
pH 6.8 (Fig. 1). The DRF is the same as for
Lambratene, being 2.0 for an exposure of 200011
to the eysteamine-treated group.
Conversely, to verify that the lack of pro-
pH AND CYSTEAMINE RADIOPROTECTION 183
5
4
3
2
.
.
4"
tic £
o
i°a\ ti4 Q
_________
L-o Q
o 0
0 10 20 30 40 50 60 70 80 90 100 110 120
DAYS AFTER IRRADIATION
FIG. 3. Variation with time after irradiation in the stste of the mouse hair coat —,
control mice;— —
—, Cysteamine inieeted at pH 75. Symbols as in Fig. 2.
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FIG. 4. Variation with time after irradiation in the state of the mouse hair coat —,
control mice; ———, cysteamine injected at pH 5.5. Symbols as in Fig. 2.
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TABLE I
The variation of the dose reduction factor
(DRE) for cysteamine with pH
PH DRF
4.2
5.5
6.8
7.5
1.0
1.1
2.0
2.0
tective action against the effects of X-rays by
Koch-Light cysteamine in the earlier experi-
ments was due to the pH at which it was in-
jected, a solution of Lambratene was changed
to pH 5.5 with phosphate buffer, the results
are shown in Figure 4. The Lambratene now
exhibits very little if any protection of the hair
follicle and the DRF is 1.1 at an exposure of
2000 R to the cysteamine treated group.
It is concluded from these four experiments
that the protective effect of cysteamine against
the actions of X-rays on the mouse hair follicle
is dependent on the pH at which it is in-
jected into the peritoncum. This appears to be
maximal in our experiments at a pH of about
7 but is absent or very slight between pH of
4.2 and 5.5, as shown in Table 1.
It will be noted that a marked change in the
protective action of cysteamine as indicated by
the DRF takes place between pH 5.5—6.8.
Devik (4) observed that cysteine, when in-
jected intravenously for the radioprotection of
mice to whole body X-radiation, worked more
consistently when buffered at pH 7. A trend
similar to ours has been reported recently by
Vergrocsen et al. (5) for the protection of X-
irradiated tissue cultures of human kidney cells
by cysteamine at varying pH. It is of interest
that pulse radiolysis studies have shown a
marked effect of pH on both the yield and
stability of sulfhydryl free radicals produced by
radiolysis (6). Although the two effects may
not be directly related, they probably illustrate
the influence of ionic equilibria on the general
chemistry of ionizable sulfhydryl compounds and
cysteamine in particular.
The mechanism by which the pH affects the
radioprotection of cysteamine is not clear. In our
experiments it may be due to differential ab-
sorption from the peritoneal cavity or to chem-
ical changes subsequent to injection. This mat-
ter is being investigated further.
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